Enzyme activities in an artificial stroma medium : An experimental model for studying effects of dehydration on photosynthesis.
When spinach leaf tissue was subjected to evaporative dehydration, photosynthetic capacity at very high (5%) CO2 concentration and saturating irradiance (300 W·m(-2)), decreased in parallel to the relative water content (RWC). A 50% inhibition was observed at 60-40% RWC. In order to examine whether the inhibition was caused by increased solute concentrations in chloroplasts or cytoplasm, an artificial stroma medium (ASM) was set up containing all major osmotically relevant solutes measured in isolated intact spinach chloroplasts. Subsequently, the response of enzyme activities to normal and to increased concentrations of ASM was examined. Inhibition of enzymes by a concerted increase of all solutes was well correlated to the in-vivo response of photosynthesis to dehydration (60% inhibition at double-strength ASM). Inhibitory solutes were mainly divalent inorganic anions, such as sulfate and phosphate. Inhibition of ribulose-1,5-bisphosphate carboxylase by these ions as studied in more detail. Inhibition of the enzyme by sulfate and phosphate was competitive with respect to ribulose-1,5-bisphosphate, but not with respect to CO2. The KI for sulfate was 2.1 mmol·l(-1) and for phosphate 0.57 mmol·l(-1). Sugars and amino acids at the concentrations found in spinach chloroplasts did not prevent inhibition of enzymes by anions. The results indicate that increased anion concentrations in cells and organelles are responsible for primary, quickly reversible effects of moderate dehydration on plant tissues.